The study of proteins and the interactions between them, known as Protein-Protein Interactions (PPI), is extremely important in interpreting all biological cellular functions. In this article, a new web tool called Superclusteroid is presented which can analyse PPI data, in order to detect protein complexes or characterise the functionality of unknown proteins. The tool is essentially an intuitive PPI data processing pipeline. It supports various input file formats and provides services such as clustering, PPI network visualisation and protein cluster function prediction. Each Superclusteroid service can be used in a sequential manner or on an individual basis. In order to assess the reliability of our tool to infer PPIs, the results of the tool were compared to already known MIPS database complexes and a case scenario is presented where a known protein complex is predicted and the functionality of some of its proteins is revealed.
Background
In the recent era, high-throughput detection methods (Ito et al., 2001 ; Gavin et al., 2002; Stoll et al., 2005; Willats, 2002) have produced a vast amount of biological data to be analysed using computational methods. Proteomics is the discipline with the objective to analyse and understand all data concerning proteins. A proteome-wide approach of understanding protein function is very important, as it is widely known that proteins rarely act alone at a biochemical level and they interact with other proteins (Bu et al., 2003) . This type of protein-protein interactions can easily be described as a protein-protein interaction network (PPI network), where the nodes represent proteins and the edges the interactions among them.
As protein-protein interactions are a crucial part of cellular processes, it is understandable that the processing of large-scale experiment data is extremely useful. In fact, the identification of smaller groups of proteins (clusters) which share more interactions among themselves and fewer with the remaining proteins of the network can lead to the discovery of protein complexes or functional modules (Spirin and Mirny, 2003) . It is reasonable to assume that proteins appearing to be more closely connected must share a common function.
Until now, various computational approaches have been proposed in the academic world in the form of web-based or stand-alone software tools. Examples include applications such as NEAT (Brohee et al., 2008) and jClust (Pavlopoulos et al., 2009 ). However, most of these tools lack vital software application properties. In particular, we believe that the user should be able to execute various algorithms interactively. In addition, the ability to explore and navigate through PPI data visually is an important one. Interactive algorithm execution and visualisation of resulting PPI data make the interpretation of results easier for the scientist.
By using the Superclusteroid tool, the user can apply different clustering, visualisation and prediction methods in a continuous manner, which embraces user interaction. From the moment the user uploads the input data, all resulting files can be further manipulated in discrete stages, as the tool was specifically designed to bridge the compatibility gap amongst the various methods of each of the PPI data manipulation stages. Moreover, a variety of available PPI visualization modules are employed, in order to facilitate an intuitive result interpretation, where applicable.
Implementation
Design Superclusteroid is a web-based application written in Perl and can be accessed using any internet browser able to execute a Java applet (note: although Java compatibility is not required for all operations, some of the visualisation tools do require the execution of a Java applet in the browser). It utilises already available clustering algorithms. As different algorithms provide different results ( (Koyuturk et al., 2007) . It has to be noted that the additional algorithms (SideS and HCS) are not available on any other online tool, despite their efficiency on protein complex detection. The resulting files are tab-delimited data with two columns, one for the name of the cluster and one for the protein belonging to that cluster.
The above results can be automatically visualised or can be downloaded for later use. Additionally, the original network or other DOT files can be viewed by choosing the "visualize" tab on the home page, as it is shown in Figure 2 . In either case, a java applet named "ZGRViewer" (Pietriga, 2005 ) is used to support the "fdp" and "twopi" GraphViz/DOT tools (http://www.graphviz. org/Documentation.php) for spring model and radial layouts respectively. ZGRViewer is designed to handle large graphs, and offers a zoomable user interface (ZUI), which enables smooth zooming and easy navigation in the visualised structure. Furthermore, the user is able to visualise on a new tab of his/her browser a specific cluster. This dynamic visualisation module of Superclusteroid makes it easier for users to explore and analyse the clustering results, contrary to the static module of other web tools such as NEAT.
By choosing a specific protein, the user may continue with the analysis by implementing the Majority Vote Prediction Algorithm (MVPA) (Bu et al., 2003) or the Hypergeometric Distribution 
Input
The web tool can manipulate different input formats. Specifically, Superclusteroid supports tabdelimited text files, adjacency matrices in text files, DOT files-using the DOT network description languages and SIF files, a popular tab-delimited text file mostly used in Cytoscape (Shannon et al., 2003) . The input file can be uploaded in an easy and quick manner in a user-friendly web page. Multiple identical PPIs are removed from further analysis. More information about the input data format is available at Superclusteroid help pages.
For the purpose of presenting Superclusteroid, the Gavin 2006 dataset (Gavin et al., 2006 ) is used for all four algorithms available and produces the required clustering results using the default parameters. In order to prove the tool's ability to predict protein complexes, the four dif- (Li et al., 2009) , is one of the best clustering algorithms. The initial dataset was divided into 188 clusters, where each of these can be visualised and manipulated independently. Then we chose randomly a protein, the one called P38334, and we tried to determine its functionality by using the corresponding Superclusteroid module. Tables 1  and 2 show the results of the MVPA and the HDPA algorithms.
In both cases, the function category "Cellular transport, transport facilities and transport routes", according to the FUNCAT database, is the most likely for the protein P38334.
By using the UniProt database (Magrane and Consortium , 2011), it can be seen that P38334 is part of the TRAPP complex (Sacher et al., 1998) , which according to Gene Ontology data (Barrell et al., 2009) , is a large complex on the cis-Golgi that mediates vesicle docking and fusion. It is divided into two parts: TRAPP I, which is a multisubunit complex that consists of seven subunits, and TRAPP II, which has three additional subunits and that functions as a tether at latter stages of the transport pathway. Therefore, the Superclusteroid successfully predicted the functionality of the P38334 protein, which is a service that is not provided by other similar clustering tools.
Conclusion
Our results prove that Superclusteroid is capable of predicting protein complexes in an easyto-use way. Additionally, data formats can be easily manipulated and clustering results can be cross-referenced as the tool provides four different clustering algorithms. Superclusteroid also detects complexes that do not match any confirmed complex in MIPS database. As we cluster the complete interactome, of which the confirmed complexes provide only partial coverage, we speculate that complexes detected by our method could match yet unknown or unconfirmed protein complexes. However, it must be emphasised that protein complexes are not the only ones that can be detected. As explained earlier, the clustering algorithms provide protein groups that are more "connected" among themselves. This statistical significance does not apply specifically to protein complexes, but it is also applicable to functional modules. This term is used for proteins that participate in a common cellular process while binding each other at a different time and place (Spirin and Mirny, 2003) .
To sum up, Superclusteroid: (i) uploads and manipulates input of PPI data; (ii) performs clustering on PPI data using four different algorithms; (iii) visualises PPI networks and clustering results; (iv) predicts protein function. It can be used for the prediction of protein complexes in a userfriendly way. Superclusteroid also provides a help page that contains explicit instructions describing its services and a comprehensive list of the web services available, along with their description and the access URL for each of them. Additionally, the web tool provides demo data to help the user to understand its functionality. The tool is implemented in the GNU/Linux environment and is written in Perl 1 . In addition to the website, web services utilising the SOAP protocol 2 are also available in order to design workflows and integrate them with other available resources.
